Pneumonia is the most common lower respiratory tract infection and a leading cause of morbidity and mortality worldwide.[@b1-asm-1-29] Pneumonia can result in both respiratory and non-respiratory complications. The respiratory complications include abscess, pleurisy, acute respiratory distress syndrome (ARDS), and parapneumonic effusion. Pneumonia is the most common single cause of ARDS.[@b2-asm-1-29] A study published in 1990 stated that approximately 10% of patients who have primary pneumonia that required ICU admission had ARDS.[@b3-asm-1-29] Moreover, parapneumonic effusion is a common complication that accounts for approximately 35% to 40% of 1.3 million patients hospitalized with pneumonia in the United States each year.[@b4-asm-1-29]

Non-respiratory complications include sepsis, septic shock, cholestatic jaundice, cardiac, and neurological complications. In a case report, two of three patients admitted to respiratory care unit with severe life-threatening hemoptysis and septic shock as a complication of community-acquired *Staphylococcus aureus* pneumonia, deteriorated to death.[@b5-asm-1-29] Cholestasis can occur as a complication of infections and sepsis in hospitalized patients. In another case report, a 35-year-old male presented with a cholestatic picture with no obvious cause other than an acute infection with mycoplasma pneumonia. After receiving IV antibiotics, he showed significant improvement in his overall clinical condition.[@b6-asm-1-29] Moreover, out of seventeen articles that reported cardiac complications, the incidence rates were heart failure (14.1%), acute coronary syndrome (5.3%), and cardiac arrhythmia (4.7%).[@b7-asm-1-29] Neurological complications of sudden onset can also manifest in patients with mycoplasma pneumonia such as Guillain-Barré syndrome, encephalitis, meningitis, acute cerebellar ataxia, and peripheral neuropathy.[@b8-asm-1-29]

One study conducted in Saudi Arabia reported that the point prevalence of community-acquired pneumonia (CAP) in hospitalized patients was 30.3% with a peak prevalence in patients over 50 years, while the point prevalence of hospital-acquired pneumonia (HAP) was 4.4%.[@b9-asm-1-29] Another study that included 567 pneumonia patients with a mean (SD) age of 42.7 (21.9) years showed that 2.3% experienced non-fatal complications and 6% died due to pneumonia.[@b10-asm-1-29] The aim of this study was to identify the prevalence of complications of pneumonia, and the prevalence of common diseases associated with pneumonia complications, among inpatients at a tertiary care hospital in Saudi Arabia. This would be helpful in reducing the occurrence of pneumonia complications in admitted patients.

PATIENTS AND METHODS
====================

This study design was a retrospective cross-sectional descriptive study that was conducted in King Abdulaziz Medical City, Riyadh, Saudi Arabia. The pulmonary department is one of the busiest departments in KAMC, with an average of 6--10 consultations/day. The first pulmonary rehabilitation in Saudi Arabia was established there. The target population was hospitalized patients aged 17 years and older, of different nationalities and both genders, who were diagnosed with pneumonia during the period of 2010 to 2017 and followed up at KAMC. No exclusion criteria were specified. The sampling frame included a list of all pneumonia patients aged 17 years and older. Stratified sampling by year of study of pneumonia onset was used to obtain a sample of patients distributed over the years from 2010 to 2017. From each year, 100 patients were selected randomly. Pneumonia was diagnosed on the basis of suggestive history, compatible physical findings, and new infiltrates on a chest radiograph that was not due to any other causes. Approval of the research was obtained from the of Institutional Review Board (SP17/349/R).

The data contained no personal information on the participants. A retrospective chart review was conducted in which the investigators reviewed paper and electronic charts to extract the data. Variables included patient demographics (age, gender, nationality), past medical history (smoking, respiratory problems, diabetes mellitus, immunosuppressive therapy, cystic fibrosis, and chronic kidney diseases), and the complications (related to cardiovascular system, central nervous system, and respiratory system). The independent variables were age, gender, nationality, past medical history, and initial treatment. The outcome variables were the respiratory and non-respiratory complications of pneumonia.

Data entry was managed using the MS Excel, and the data was analyzed using IBM SPSSversion 21 (Armonk, NY: IBM Corp., United States). The results are presented as descriptive statistics (mean and standard deviation for numerical variables and as frequencies and percentages for the categorical variables). The chi-square test was used to analyze the relationship between categorical variables and the presence of complications. The data was presented with a 95% confidence interval, and a *P* value \<.05 was statistically significant.

RESULTS
=======

The study sample consisted of 800 patients with pneumonia who were admitted over an 8-year period. The demographics of the patients and associated comorbidities are summarized in [Table 1](#t1-asm-1-29){ref-type="table"}. The highest number of comorbid illnesses in a patient was five, which was seen in two patients. Complications were observed in 427 (53%), while 373 (47%) did not develop any complications according to the patient record files. The 18 types of complications identified are shown in [Table 2](#t2-asm-1-29){ref-type="table"}. Pleural effusion was the most commonly encountered complication 230 (29%) followed by sepsis 183 (23%). Some patients had more than one respiratory complication, 245 had only one complication, 12 had two complications, and one had three complications. [Table 3](#t3-asm-1-29){ref-type="table"} shows the relationship between the age groups and the presence of specific complications; the difference was statistically significant for unilateral pleural effusion (*P*=.03) being lower in the 46-to-65 year age group (9%) as compared to the 17-to-45 year (16%) and \>65 year (17%) age groups. Bilateral pleural effusion was more common in the \>65 year age group (17%) as compared to the younger age groups (*P*=.03). Heart failure was more common in the two older age groups as compared to 2% in the 17-to-45 year age group (*P*=.007), while sepsis was significantly higher (*P*\<.001) in the \>65 year age group (28%) as compared to the two younger age groups. Acute respiratory distress (*P*=.18) and septic shock (*P*=.12) were not significantly related to age even though they were among the common complications. [Table 4](#t4-asm-1-29){ref-type="table"} presents the associations between specific complications and type of pneumonia. Among the complications that were assessed, unilateral pleural effusion (*P*=.048), heart failure (*P*=.02), sepsis (*P*\<.001), septic shock (*P*=.002), and encephalitis (*P*=.001) were significantly more likely in HAP than CAP patients. Acute respiratory distress disease was seen in 14% of CAP and 19% of HAP (*P*=.07), and bilateral pleural effusion was seen in 14% of CAP and 14% of HAP (*P*=.80). The same analysis for [Table 4](#t4-asm-1-29){ref-type="table"} was applied to the subgroup of patients (n=82) who were taking immunosuppressant therapy. For the complications that statistically significantly different, septic shock (HAP 19%, CAP 20%) and unilateral pleural effusion (HAP 14%, CAP 16%) were similar to the CAP and HAP percentages in the overall group. The percentage was slightly different for the following complications: sepsis (HAP 33%, CAP 28%), heart failure (HAP 0%, CAP 5%), bilateral pleural effusion (HAP 19%, CAP 12%) and ARDS (HAP 14%, CAP 21%). However, these differences were not statistically significant within the group taking immunosuppressant therapy (*P*\>.05).

There was a significant difference (*P*\<.001) between CAP and HAP patients in terms of complications. Among the 160 patients who were diagnosed with HAP, the majority (n=112, 70%) had complications, while of the 640 diagnosed with CAP, 314 (49%) had complications (OR=2.41, 95% CI: 1.66, 3.49). Patients older than 65 years of age were more likely (*P*\<.001) to develop any complication (60%) as compared to the younger age groups of 17-to-45 years (41%) and 46-to-65 years (47%) ([Figure 1](#f1-asm-1-29){ref-type="fig"}).

While there were relatively few patients with complications who had two or more comorbidities ([Figure 2](#f2-asm-1-29){ref-type="fig"}), there were more patients with comorbidities among patients with complications compared with patients without complications. Patients with no comorbid illnesses had a complication rate of 46%, which was similar to patients with only one comorbid illness (48%) as compared to 55% (*P*=.9) in patients with two comorbid illnesses (*P*=.6) and 68% in patients with three or more comorbid illnesses (*P*=.002) (pairwise comparisons with Bonferroni correction) ([Figure 3](#f3-asm-1-29){ref-type="fig"}). Among all the comorbid illnesses that were included in this study, diabetes mellitus was most common (n=530, 66%). Of those 530 patients, 295 (56%) had complications. The second most common comorbid illness in this study was asthma 236 (30%), and of these, 131 (56%) developed complications. The incidence of complications with other comorbid illnesses was chronic kidney disease (62%), chronic obstructive pulmonary disease (64%), and lung cancer (70%). There were 82 patients with pneumonia on immunosuppressant therapy and 48 (59%) of those patients had complications. In addition, 101 pneumonia patients were smokers, and among these 59 (58%) developed complications. There was some association between specific comorbid illnesses with certain complications (data not shown). Patients with chronic kidney disease were more likely to have heart failure (17%) as compared to those who did not have the illness (7%) (*P*\<.001). Also, patients with chronic obstructive pulmonary disease were more likely to have acute respiratory distress disease (23%) as compared to those who did not have the illness (13%) (*P*=.002).

Multiple logistic regression identified risk factors associated with the development of any complication in the pneumonia patients ([Table 5](#t5-asm-1-29){ref-type="table"}). The risk factors significantly associated with the presence of any complication included age \>65 years (OR=1.73, 95% CI: 1.08, 2.78), being immunocompromised (OR=4.35, 95% CI: 1.7, 11.14), and having HAP (OR=2.42, 95% CI: 1.65, 3.56). There was no relationship identified with any of the comorbid conditions nor with being a smoker or being on immunosuppressant therapy.

DISCUSSION
==========

This study investigated 18 complications of pneumonia that were grouped into respiratory, cardiac, neurological, sepsis and septic shock, and cholestatic jaundice. Complications were observed in 53% of the patients in this study. This is contrary to the national data documented in the literature, in which the prevalence of complications of pneumonia in a study conducted in Al-Qassim was only 8%.[@b10-asm-1-29] Our study revealed that the most prevalent complications were respiratory complications, sepsis and septic shock. The most common complications were pleural effusion, sepsis, acute respiratory distress, and septic shock. The prevalence of complications was highest among older age group (\>65 years).

Respiratory failure, meningitis, pleural effusion, and empyema are the most common complications of pneumococcal pneumonia in one review.[@b11-asm-1-29] The results of the present study are consistent with findings in a review by Marrie, except for meningitis and empyema, which were rare complications in this study. This discrepancy may be because other studies included pneumococcal pneumonia only as it is the most common type, while our study included all types of pneumonia. Cardiac complications were seen in 16% of the patients which is somewhat similar to results from other studies.[@b7-asm-1-29]

Also, our findings are consistent with findings of Kaplan et al who found that CAP is a frequent cause of hospital admissions and mortality among elderly patients, with a five-fold increase in incidence and two-fold increases in mortality as age increased from 65--69 years to older than 90 years.[@b12-asm-1-29] This association between complications and old age can be attributed to many factors including functional status, tube feeding, comorbidities, and use of multiple medications. A functional status assessment for the elderly should be incorporated with a pneumonia assessment to reduce the risk of complications. This is supported by the findings of the literature, which concluded that functional status was an independent predictor of short- and long-term mortality in hospitalized CAP elderly patients.[@b13-asm-1-29]

In this study, the number of patients diagnosed with CAP was much higher than the patients with HAP. However, the complication rate was higher among patients with HAP compared to CAP. These findings are matched with the results of a study done by Rothberg et al, which revealed that the case-fatality is greater with HAP since they were more likely to have a principal diagnosis of sepsis and respiratory failure than CAP patients.[@b14-asm-1-29] This can be explained by numerous influencers such as the different organisms that cause HAP, immune status, comorbidities, and current use of medication. In addition, patients with HAP are more likely to require ICU admission.

The rate of comorbidities in our patients (54%) correspondend to that seen in a national study conducted in Al-Qassim (54%).[@b10-asm-1-29] However, higher rates were noticed in the western region of Saudi Arabia (68%).[@b15-asm-1-29] Our study investigated these comorbidities, and concluded that diabetes mellitus, chronic kidney disease, chronic obstructive pulmonary disease, asthma, and illnesses that require immunosuppressant therapy were associated with more risk of complications, as \>50% of patients who had at least one comorbid illness had complications. The association between diabetes mellitus and pneumonia complications was expected, as it was reported in earlier literature. One study investigated the association between fasting hyperglycemia and pneumonia complication rates among elderly patients revealed that complication rates were greater among patients with mild and severe hyperglycemia compared to the normal group.[@b16-asm-1-29] These results are consistent with our findings since diabetes mellitus had the highest frequency.

The high prevalence of complications emphasizes the need to modify existing interventions and preventive methods especially for high risk groups. For example, the Saudi Thoracic Society pneumococcal vaccination guidelines - 2016 should be more implemented and reinforced, as it comprehensively addresses the susceptible Saudi population.[@b17-asm-1-29] Moreover, measuring severity and mortality risk through different scoring systems like Sepsis-related Organ Failure Assessment (SOFA)[@b18-asm-1-29] and APACHE score[@b19-asm-1-29] should be carried out repetitively and extensively in all high-risk groups identified in this study. Our results can be used as a baseline to test the efficacy of newly implemented assessment and intervention programs.

In this study, there are some limitations that needs to be recognized. First, the authors ruled out all the confounding factors while collecting data pre-existing comorbidities that can lead to the same complication of the pneumonia. Clinical judgment was the only measure used in deciding which confounding factors to ignore, as no other measure be applied. Second, the study design was a retrospective cross-sectional study. Third, the study included only one center in the capital city of Saudi Arabia, which does not reflect the whole region. Also, data on mortality was not collected, which could help in the prediction of seriousness and prognosis of the complications of pneumonia patients. Nevertheless, the present study has many strengths. First, the large sample size provided a good assessment of the prevalence of complications. Second, the different age groups included provided a good estimate of the susceptible population by age.

In conclusion, our study showed that respiratory complications, sepsis, and septic shock were the most prevalent complications of pneumonia. Older age group, HAP cases and those with two or more comorbidities were associated with higher rates of complication. The presence of these complications can lead to longer hospital stays, poor quality of life, more ICU admissions, and more hospital resources use. These findings highlight the need for better prevention and intervention programs. Moreover, the health authorities should address the knowledge gap by educating patients and health care workers about following sterile methods and practicing good hygiene to reduce transmission of infection and to prevent the development of HAP.
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###### 

Demographic and clinical characteristics of the patients (N=800).

  Characteristics                          n (%)
  ---------------------------------------- ----------
  **Age (years)**                          
   17--45                                  128 (16)
   46--65                                  212 (27)
   \>65                                    460 (58)
  **Gender**                               
   Male                                    373 (47)
   Female                                  427 (53)
  **Nationality**                          
   Saudi                                   794 (99)
   Non-Saudi                               6 (1)
  **Comorbid illness**                     
   Diabetes mellitus                       530 (66)
   Chronic kidney disease                  175 (22)
   Cystic fibrosis                         1 (0.1)
   Chronic obstructive pulmonary disease   154 (19)
   Asthma                                  236 (30)
   Lung cancer                             30 (4)
  **Other risk factors**                   
   Smoker                                  101 (13)
   Immunosuppressant therapy               82 (10)

###### 

The prevalence of complications in patients with pneumonia (N=800).

  Complication                 n (%)
  ---------------------------- --------------
  Respiratory complications    **258 (32)**
  Sepsis                       183 (23)
  Cardiac complications        **125 (16)**
  Acute respiratory distress   118 (15)
  **Pleural effusion**         
   Unilateral                  120 (15)
   Bilateral                   110 (14)
  Septic shock                 94 (12)
  Heart failure                75 (9)
  Arrhythmias                  52 (6.5)
  Bronchiectasis               22 (3)
  Pleurisy                     10 (1.3)
  Acute coronary syndrome      8 (1)
  Empyema                      8 (1)
  Neurological complications   **5 (0.6)**
  Encephalitis                 5 (0.6)
  Encephalitis                 5 (0.6)
  Pulmonary abscess            2 (0.3)
  Endocarditis                 2 (0.3)
  Cholestatic jaundice         2 (0.3)
  Pericarditis                 1 (0.1)
  Myocarditis                  1 (0.1)

###### 

Association between age groups and specific complications.

  Complication                  Age groups   *P* value               
  ----------------------------- ------------ ----------- ----------- --------
  Acute respiratory distress    13 (10%)     29 (14%)    76 (17%)    .18
  Unilateral pleural effusion   20 (16%)     20 (9%)     80 (17%)    .03
  Bilateral pleural effusion    14 (11%)     20 (9%)     76 (17%)    .03
  Heart failure                 3 (2%)       19 (9%)     53 (12%)    .007
  Sepsis                        17 (13%)     37 (18%)    129 (28%)   \<.001
  Septic shock                  10 (8%)      21 (10%)    63 (14%)    .12

###### 

Association between type of pneumonia and specific complications.

  Complication                         Type of pneumonia[\*](#tfn1-asm-1-29){ref-type="table-fn"}   *P* value   
  ------------------------------------ ------------------------------------------------------------ ----------- --------
  Acute respiratory distress disease   87 (14%)                                                     31 (19%)    .07
  Unilateral pleural effusion          88 (14%)                                                     32 (20%)    .048
  Bilateral pleural effusion           87 (14%)                                                     23 (14%)    .80
  Heart failure                        52 (8%)                                                      23 (14%)    .02
  Sepsis                               123 (19%)                                                    60 (38%)    \<.001
  Septic shock                         64 (10%)                                                     30 (19%)    .002
  Encephalitis                         1 (0.2%)                                                     4 (3%)      .001

CAP: Community acquired pneumonia, HAP: Hospital acquired pneumonia

###### 

Multiple logistic regression of risk factors for presence of any complication.

                                           n     Wald    Sig.     Exp(B)   95% CI for EXP(B)   
  ---------------------------------------- ----- ------- -------- -------- ------------------- -------
  **Age category (years)**                                                                     
   17--45                                  128   10.35   .006                                  
   46--65                                  212   0.05    0.82     1.06     0.64                1.76
   \>65                                    460   5.24    .02      1.73     1.08                2.78
  **Gender**                                                                                   
   Male                                    373                    1.00                         
   Female                                  427   0.28    0.60     1.09     0.80                1.49
  **Presence of comorbidities**                                                                
   Diabetes mellitus                       530   0.001   0.98     1.004    0.70                1.43
   Chronic kidney disease                  175   2.47    0.12     1.35     0.93                1.95
   Chronic obstructive pulmonary disease   154   2.70    0.10     1.40     0.94                2.09
   Asthma                                  236   0.91    0.34     1.17     0.85                1.63
  **Other risk factors**                                                                       
   Smoker                                  101   1.38    0.24     1.33     0.82                2.16
   Immunocompromised                       34    9.36    .002     4.35     1.70                11.14
   Immunosuppressant therapy               82    0.04    0.83     1.06     0.63                1.76
  **Type of pneumonia**                                                                        
   Community acquired                      640                    1.00                         
   Hospital acquired                       160   20.20   \<.001   2.42     1.65                3.56
   Constant                                      9.89    \<.001   0.51                         

Omnibus tests of model coefficients: Chi-square=62.892, df=11, *P*\<.001; −2 log likelihood: 1042.496; Cox and Snell R Square: .076; Nagelkerke R square: .101
